Remaining Ice Cap on Second-Generation Cryoballoon After Deflation
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a cooling zone concentrated on the equator of the balloon with less cooling around the frontal nose. This limitation is hypothesized to result in incomplete lesion formation in the myocardium contacting this area, specifically the inferior circumference of the inferior PVs. 1 The nonhomogeneous cooling of the first-generation device may also explain a relative long time to left atrium-PV block recorded by an endoluminal spiral mapping catheter. 2 However, the influence of these technical changes on ice formation around the balloon in the clinical setting is unknown.
Case Report
Two patients with paroxysmal atrial fibrillation (patient 1: male, 59 years; patient 2: female, 70 years) underwent PV isolation in our center with the second-generation 28-mm cryoballoon. After single transseptal puncture and PV angiographies, the cryoballoon was sequentially maneuvered to each PV ostium, and circumferential contact was demonstrated by injecting contrast medium through the catheter tip before freezing initiation. Complete PV isolation demonstrated by an endoluminal spiral mapping catheter (Achieve, 15 mm, Medtronic CryoCath LP) was achieved in both patients. During the freezing phase on the right superior PV in patient 1, ice formation opacified by contrast medium at the tip of the inflated balloon could be demonstrated (Figure) . Intriguingly, the ice cap was stable throughout the entire thawing phase of the balloon and resolved 10 seconds after balloon deflation, which automatically occurs at a temperature of +20°C measured by a thermocouple in the proximal part of the balloon (Figure B ). Real-time right superior PV isolation recorded after 23 seconds of freezing at a balloon temperature of −32°C is shown in Figure E 
Discussion
The ice cap in the PV stable throughout the thawing phase observed in the present cases with the second-generation 28-mm cryoballoon is a novel phenomenon resulting from improved cooling capability. This may have several clinical implications. First, enhanced ice formation may contribute to PV occlusion during freezing, facilitating effective lesion formation even if complete occlusion was not achieved before freezing. On the other hand, automated balloon deflation before dissolution of the ice cap may enhance the risk of embolization of large ice crystals in the systemic circulation. Whether ice embolization bears a clinical risk is currently unknown. Further studies are needed to clarify whether prolongation of the thawing phase may be beneficial.
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